Cardiovascular disease has become the leading causes of serious, long-term disability and death worldwide[@b1]. Diabetes is recognized as a major risk factor for cardiovascular disease. The prevalence of diabetes is high and is increasing rapidly in China[@b2][@b3], a development that has followed the change in lifestyle and dietary habits. Prediabetes refers to a condition progressing to diabetes and includes the two abnormalities: impaired fasting glucose(IFG) and impaired glucose tolerance(IGT)[@b4]. A recent national survey of Chinese adults showed that the prevalence of diabetes and prediabetes were 9.7% and 15.5%, and China may bear a higher diabetes-related burden than any other country[@b3][@b5].

Overweight and obesity is the most common and a strong modifiable risk factor for diabetes[@b6][@b7][@b8]. The prevalence of overweight and obesity has increased throughout the world, including Asia[@b9]. The China National Nutrition and Health Survey (CNNHS)[@b10] showed that the prevalence of overweight and obesity in Chinese adults amounts to 22.8% and 7.1%, respectively. It is also suggested that heart rate may play an important role in diabetes development[@b11][@b12]. However, no study has specifically evaluated the cumulative effect of overweight and resting heart rate on risk of diabetes in an Inner Mongolian population (an ethnic minority in China). In the present study, we analyzed the association among overweight, resting heart rate, and prediabetes/diabetes in an over 10-year follow-up study among Inner Mongolians from China.

Methods
=======

Study participants
------------------

The study was established to evaluate potential risk factors for chronic diseases during the period July 2002 to September 2003. The methods for study participants recruitment and baseline data collection have been described elsewhere[@b13]. Briefly, study participants aged 20 years or more were recruited from 32 villages in 2 adjacent townships located in the counties of Kezuohou Banner and Naiman Banner in Inner Mongolia. The majority of the residents in the investigation field are Mongolians who have lived there for many generations and maintain a traditional diet and lifestyle. A total of 3475 Mongolian people ≥20 years of age live in these villages. Among them, 889 people were excluded because they refused to participate or had cardiovascular diseases or endocrine diseases or anxiety neurosis. Finally, a total of 2589 people (Men: 1064, Women: 1525) aged 20 to 84 years old participated in the study at baseline. This study was approved by the Soochow University Ethics Committee in China. Written informed consent was obtained for all study participants. The methods were carried out in accordance with relevant guidelines and regulations.

This cohort was re-investigated in 2013. The present study consisted of 2250 participants free of diabetes and IFG at baseline, who successfully completed a baseline fasting plasma glucose (FPG) test, and cases who registered the baseline address. Of those individuals, 1729 participated in the follow-up, including fasting plasma glucose (FPG) test and the oral glucose tolerance test (OGTT), 249 were dead and 272 were lost to follow up. Those who attended the follow-up examination were more likely to be female, younger, lower blood pressure level, lower rate of drinking (P \< 0.05) than those who did not attend, but there were no significant differences in BMI, resting heart rate, smoking, baseline FPG, homeostasis model assessment-insulin resistance (HOMA-IR) and hyperlipidemia (P \> 0.09).

Data collection
---------------

Trained staff interviewed participants in Chinese using a standard questionnaire to obtain information on demographic characteristics, medical history, and lifestyle risk factors. Cigarette smoker was defined as having smoked at least one cigarette per day for 1 year or more. Alcohol drinking was defined as having consumed at least 50 g alcohol per day for 1 year or more. Three blood pressure measurements were taken for each participant while participants were seated using a mercury sphygmomanometer according to a standard protocol[@b14]. The first and fifth Korotkoff sounds were recorded as systolic and diastolic blood pressure, respectively. The mean of these three blood pressure measurements was used for data analysis. Resting heart rates were measured three times by stethoscope at the apex of the heart and counted for a 60-second interval; 1 min apart, following at least 30-min rest. Body weight and height were measured by trained staff using a balance beam scale after subjects removed their shoes and were wearing light clothing. Body mass index (BMI) was calculated as weight in kilograms divided by the square of the height in meters (kg/m^2^). Overweight was defined as BMI ≥ 25 kg/m^2^.

Overnight fasting blood samples were obtained to measure cholesterol, blood glucose and insulin. Plasma and serum samples were frozen at −80 °C until laboratory testing. A modified hexokinase enzymatic method was applied to test plasma glucose levels[@b15]. Serum insulin was measured using a radioimmunoassay method, and the HOMA-IR score was calculated \[FPG(mmol/l) × fasting serum insulin (mU/l)/22.5\]. Total cholesterol(TC), high-density lipoprotein cholesterol(HDL-C), and triglycerides(TG) were assessed enzymatically using a Beckman Synchron CX5 Delta Clinical System (Beckman Coulter, Inc; Fullerton, CA) with commercial reagents[@b16]. Low-density lipoprotein cholesterol levels were calculated using the Friedewald equation for participants who had \<400 mg/dl triglycerides[@b17]. Hyperlipidemia was defined as total cholesterol ≥5.72 mmol/L and/or triglycerides ≥1.70 mmol/L and/or LDL-C ≥3.64 mmol/L and/or high-density lipoprotein cholesterol \<0.91 mmol/L.

Follow up and ascertainment of outcomes
---------------------------------------

Trained staff interviewed either the participants or their relatives, if participants were dead or unable to communicate, and completed a medical status questionnaire. If a participant or their relatives reported that diabetes occurred during the period baseline survey to follow up, the staff contacted the subject' general practitioner and reviewed hospital records or death certificate to confirm. All other participants alive were instructed to maintain their usual physical activity and diet for at least 3 days before the OGTT according to a standard protocol. After at least 10 hours of overnight fasting, fasting venous blood glucose was sampled and standard 75 g glucose solution were given. Blood samples were drawn at 120 minutes after the glucose load to measure glucose concentrations. Plasma glucose level was also measured with the use of the hexokinase enzymatic method. Incident diabetes was defined based on 1999 World Health Organization (WHO)[@b18] criteria (≥7.0 mmol/l fasting or ≥11.1 mmol/l 2-h glucose) or validated physician diagnosis or the use of antidiabetic medication at any investigation or diagnosed as diabetes in the medical records or death certificate. Incident prediabetes was also defined according to the 1999 WHO diagnostic criteria (1) IFG (≥6.1 mmol and \<7.0 mmol/l fasting and \<7.8 mmol/l 2-h glucose), (2) IGT (\<7.0 mmol/l fasting and ≥7.8 mmol/l and \<l 11.1 mmol/l 2-h glucose).

Statistical analysis
--------------------

Plasma glucose was categorized into three groups: Normal glucose tolerance, prediabetes, diabetes. Resting heart rate was grouped comparing the upper tertile (≥80 bpm) to the bottom 2 tertiles (\<80 bpm). We categorized all participants into four subgroups: normal weight with heart rate \<80 bpm, overweight with heart rate \<80 bpm, normal weight with heart rate ≥80 bpm, and overweight with heart rate ≥80 bpm. Conventional cardiovascular risk factors among four subgroups were compared using analysis of variance for continuous variables and chi-squared tests for categorical variables. We use multivariate logistic regression model to compute odds ratios (ORs) of prediabetes and diabetes among four subgroups by adjusting the important confounding factors including age, sex, smoking status, drinking status, systolic blood pressure, diastolic blood pressure, HOMA-IR and hyperlipidemia. We set a multiplicative interaction term of overweight and resting heart rate in multivariate logistic regression model and tested its effect on prediabetes and diabetes incidence, independent of overweight, resting heart rate, and other confounding factors. We also assessed the discriminatory value of overweight/heart rate by computing the area under receiver operating characteristic curves (AUC) and comparing a model including only conventional risk factors with a model including overweight and resting heart rate subgroup, in addition to conventional risk factors. All P values were 2-tailed, and a significance level of 0.05 was used. All statistical analyses were conducted using SAS statistical software (version 9.2) and R statistical software (version 2.15).

Results
=======

Among 1729 people, 503 progressed to prediabetes and 155 were classified as having type 2 diabetes. Of 155 participants with diabetes during the follow-up, 25 were diagnosed before the follow-up examination, and the remaining 130 were classified as having diabetes on the basis of the FPG and OGTT. The cumulative incidence rates of prediabetes and diabetes were 29.1% and 9.0%, and the incidence density was 2711 and 835 per 100 000 person-years, respectively.

The baseline characteristics of participants by the four study subgroups are shown in [Table 1](#t1){ref-type="table"}. Conventional diabetes risk factors, such as age, sex, smoking, drinking, blood pressure, lipids and HOMA-IR, were significantly different among the four subgroups. Overweight participants in either heart rate group had lower rate of smoking and had higher levels of systolic blood pressure, diastolic blood pressure, TC, TG, LDL-C, HOMA-IR and lower HDL-C. Normal weight and overweight participants with heart rate ≥80 bpm tended to be women and had lower rate of drinking.

During 10 years of follow-up, the cumulative incidence rates among four subgroups were 25.6, 29.9, 36.2, 40.7% for prediabetes, and 6.0, 8.2,17.6, 19.5% for diabetes, respectively (P \< 0.001), and the overweight subjects with heart rate ≥80 bpm had highest cumulative incidence rate of prediabetes and diabetes.

[Table 2](#t2){ref-type="table"} presents the age-sex adjusted and multivariate-adjusted ORs and 95% confidence intervals (95% CIs) of prediabetes and diabetes according to the overweight and resting heart rate status. Compared with normal weight subjects with heart rate \<80 bpm, the age-sex adjusted ORs (95% CIs) in normal weight/heart rate ≥80 bpm, overweight/heart rate \<80 bpm and overweight/heart rate ≥80 bpm subgroups were 1.34 (1.04--1.74), 2.12 (1.51--2.97), 2.64 (1.72--4.06) for prediabetes and 1.77 (1.14--2.77), 4.91 (3.05--7.92), 6.61 (3.70--11.83) for diabetes, respectively. After adjusting for other confounding factors, the ORs (95% CIs) in normal weight/heart rate ≥80 bpm, overweight/heart rate \<80 bpm and overweight/heart rate ≥80 bpm subgroups were 1.24 (0.95--1.61), 1.83 (1.29--2.61), 2.20 (1.41--3.45) for prediabetes and 1.52 (0.97--2.40), 3.64 (2.21--6.01), 4.61 (2.47--8.61) for diabetes, respectively, compared with the reference group. Overweight subjects with heart rate ≥80 bpm were at a highest risk of prediabetes and diabetes. We also analyzed the independent effects of overweight and resting heart rate on prediabetes and diabetes incidence risk. The multivariable-adjusted ORs (95% CIs) of prediabetes/diabetes for overweight and resting heart rate were 1.82 (1.37--2.42)/3.39 (2.27--5.08) and 1.23 (0.97--1.56)/1.43 (0.98--2.08), respectively. A sensitivity analysis including subjects who lost of follow up and were classified as being normal glucose tolerance cases yielded similar findings for the above associations (data not shown). No significant interaction was detected between overweight and resting heart rate on the prediabetes or diabetes risk (all P \> 0.05).

The AUC for the model including only the conventional risk factors achieved reasonable discrimination with AUC of 0.605 for prediabetes and 0.707 for diabetes, respectively. After adding overweight and resting heart rate status subgroup, the discriminatory value marginally improved by 0.016 (AUC = 0.621, P = 0.095) for prediabetes and 0.044 (AUC = 0.751, P = 0.003) for diabetes ([Fig. 1](#f1){ref-type="fig"}).

Discussion
==========

In this population-based prospective cohort study among Inner Mongolian population, overweight subjects with heart rate \<80 bpm and overweight subjects with heart rate ≥80 bpm were at a significantly higher risk for prediabetes and diabetes than normal weight subjects with heart rate \<80 bpm. Overweight subjects with faster resting heart rate were at a highest risk in this population. Overweight was an independent risk factor for prediabetes and diabetes in this study, while resting heart rate was not independently associated with prediabetes and diabetes. Our study is the first one to examine the cumulative effect of overweight and resting heart rate on prediabetes and diabetes incidence in Inner Mongolians, an ethnic minority in China. Compared with previous studies analyzing overweight and resting heart rate separately with diabetes risk, the novelty of this study is to combine these two factors as a new variable and test the cumulative effect of two ones.

It has been recognized that obesity is an important risk factor of diabetes incidence, independent of hypertension, hyperlipidemia, and other conventional risk factors. The Finnish Twin Cohort Study of 23,585 adult Finnish twins showed that overweight and obesity were independently associated with an increased risk of diabetes compared with normal weight participants[@b19]. The HRs (95% CIs) were 2.96 (2.59--3.39), 6.80 (5.62--8.22) and 13.64 (9.28--20.05) for overweight, obese and morbidly obese participants, respectively. One meta-analysis by Hartemink *et al*. reported that diabetes risk increased by 1.18 (95% CI: 1.16, 1.20) per unit of BMI and assumes a linear relation between BMI and the relative risk of diabetes[@b20], another meta-analysis of prospective cohort study also found the RR of diabetes for obese persons compared to those with normal weight was 7.28, 95% CI: 6.47, 8.28 and for overweight was 2.92, 95% CI: 2.57, 3.32 [@b8][@b21]. In China, some prospective cohort studies indicated that overweight and obesity defined by BMI were independent predictors of diabetes in the Han population[@b7][@b21]. There is evidence showing that obesity adversely affects various underlying causes of diabetes, including increased production of nonesterfied fatty acids, adipokines/cytokines, reduced levels of adiponectin and mitochondrial dysfunction that compromise β-cell function[@b22].

A very limited number of prospective studies have reported conflicting data on the relationship between heart rate and diabetes risk[@b11][@b12][@b23][@b24][@b25]. In the Australian Diabetes Obesity and Lifestyle prospective study[@b12], participants with a heart rate \>/=80 b min(−1) had a 89% higher risk of developing diabetes than those with a heart rate \<60 b min(−1). This risk was highly significant, particularly in non-obese men (461%), but not in their obese counterparts or in women. An over 25-year follow-up of the Chicago Heart Association Detection Project in Industry[@b26] showed that higher baseline resting heart rate is associated with diabetes claims and mortality in older age and is only due in part to BMI and concurrently measured glucose. Heart rate is predominantly determined by the sympathetic outflow to the heart and modulated by vagal inputs, and sympathetic activation has been demonstrated to contribute to insulin resistance[@b27]. Therefore, it is reasonable to speculate that sympathetic activation is the mechanistic link between elevated heart rate and increased diabetes risk. Although high resting heart rate alone is not an independent risk factor of prediabetes and diabetes incidence in our study, the cumulative incidence of prediabetes and diabetes for those with heart rate ≥80 bpm/overweight was 40.7% and 19.5%, and appeared higher than the other categories. Logistic regression model analysis indicated that overweight subjects with heart rate ≥80 bpm had the highest risk of prediabetes and diabetes, with a 2.20-fold and 4.61-fold increased risk compared with normal weight and heart rate \<80 bpm, respectively. High resting heart rate seems to amplify the effect of overweight on prediabetes, and the effect on diabetes seems to be further amplified. These findings implied that coexistence of overweight and high resting heart rate increased the risk of hyperglycemia, especially diabetes. Thus, individuals with relatively high resting heart rate should maintain normal weight to reduce diabetes risk in our study population.

Our findings have an important preventive meaning for diabetes among population. At present, diabetes gradually causes micro- and macro-vascular complications and results in an enormous economic burden to society[@b28]. In addition, prediabetes has been identified as risk factors for overt diabetes and cardiovascular disease[@b29]. Therefore, it is obvious that the early prevention and intervention is the most effective strategy. The public health measures, such as healthful diet, exercising regularly, controlling weight, and clinic-based diabetes screening for the early detection of hyperglycemia may be effective in lowering diabetes risk and diabetes-related complications in the general population.

This study has several strengths that deserve mention. To our knowledge, it is the first prospective study to examine the association among overweight, resting heart rate, and (pre)diabetes in the Mongolian population, a minority in China. The study participants were homogeneous, because they shared a same genetic background and had similar environmental exposures. The data were collected with rigid quality control and important covariables were measured and controlled in the analysis. The oral glucose tolerance tests were performed in the study population during the follow up period. Therefore, the incidence of (pre)diabetes could not be underestimated. In addition, our follow-up time was relatively long, which enabled us to minimise bias from confounding factors. However, there are also some limitations in the present study. First, we only examined fasting plasma glucose and did not conduct oral glucose tolerance test at baseline. The studies[@b30] have showed that some individuals with normal FPG may have impaired glucose tolerance based on oral glucose tolerance tests data. Therefore, the subjects with impaired glucose tolerance at baseline were not excluded during the follow-up. It is also important to note possible bias in our results given that baseline characteristics were different between attendees and non-attendees. However, we did adjust for these variables in our multivariate analyses and the sensitivity analysis yielded similar findings. Second, considering our sample size is not very large, we did not stratify participants into those with obesity and those with overweight. Therefore, this finding did not differentiate the associations of obesity/heart rate ≥80 bpm and overweight/heart rate ≥80 bpm with prediabetes or diabetes. Finally, information on BMI and heart rate status were recorded only once at baseline, therefore, intraindividual variation during the follow-up could not be assessed.

In summary, we found that overweight was an independent risk factor for prediabetes and diabetes, and overweight with faster resting heart rate might further increase the risk of prediabetes or diabetes among Inner Mongolians.
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###### Baseline characteristics according to resting heart rate and overweight status in inner Mongolia, China.

                                    Heart rate \<80 bpm Normal weight   Heart rate ≥80 bpm Normal weight   Heart rate \<80 bpm Overweight   Heart rate ≥80 bpm Overweight   P value
  -------------------------------- ----------------------------------- ---------------------------------- -------------------------------- ------------------------------- ---------
  n                                                935                                461                               210                              123                    
  Age                                          44.1 ± 11.1                        42.7 ± 11.2                       44.1 ± 9.93                      45.2 ± 8.93             0.041
  Male, %                                         47.3                                27.8                              33.3                            15.4                \<0.001
  Systolic blood pressure, mmHg               123.7 ± 20.9                        125.1 ± 22.0                      131.3 ± 22.4                    136.0 ± 22.5            \<0.001
  Diastolic blood pressure, mmHg               81.6 ± 11.1                        82.7 ± 12.7                       86.7 ± 12.6                      89.8 ± 13.2            \<0.001
  Total cholesterol, mmol/L                    3.58 ± 0.99                        3.64 ± 1.13                       4.00 ± 1.17                      3.84 ± 1.39            \<0.001
  Triglycerides, mmol/L                        1.06 ± 0.90                        1.17 ± 0.98                       1.46 ± 1.13                      1.69 ± 2.59            \<0.001
  HDL-cholesterol, mmol/L                      1.20 ± 0.31                        1.20 ± 0.34                       1.11 ± 0.31                      1.07 ± 0.32            \<0.001
  LDL- cholesterol, mmol/L                     2.17 ± 0.90                        2.21 ± 1.02                       2.60 ± 1.09                      2.43 ± 1.07            \<0.001
  Hyperlipidemia, %                               27.9                                33.0                              47.1                            47.2                \<0.001
  Smoker, %                                       48.9                                39.3                              32.9                            23.6                \<0.001
  Drinker, %                                      35.1                                25.4                              29.0                            16.3                \<0.001
  HOMA-IR                                      2.50 ± 1.29                        2.90 ± 1.83                       3.15 ± 1.71                      3.39 ± 2.35            \<0.001

HDL, high-density lipoprotein; LDL, low-density lipoprotein; HOMA-IR, homeostasis model assessment for insulin resistance.

###### Age- and sex-adjusted and multivariable-adjusted odds ratios for prediabetes and diabetes incidence according to resting heart rate/overweight status.

                                       Cases   Age and sex adjusted   Multivariable adjusted[\*](#t2-fn1){ref-type="fn"}                 
  ----------------------------------- ------- ---------------------- ---------------------------------------------------- -------------- ------------
  Prediabetes                           503                                                                                                    
  Normal weight/Heart rate \<80 bpm     239        1(reference)                                                            1(reference)        
  Normal weight/Heart rate ≥80 bpm      138            1.34                               1.04--1.74                           1.24       0.95--1.61
  Overweight/Heart rate \<80 bpm        76             2.12                               1.51--2.97                           1.83       1.29--2.61
  Overweight/Heart rate ≥80 bpm         50             2.64                               1.72--4.06                           2.20       1.41--3.45
  Diabetes                              155                                                                                                    
  Normal weight/Heart rate \<80 bpm     56         1(reference)                                                            1(reference)        
  Normal weight/Heart rate ≥80 bpm      38             1.77                               1.14--2.77                           1.52       0.97--2.40
  Overweight/Heart rate \<80 bpm        37             4.91                               3.05--7.92                           3.64       2.21--6.01
  Overweight/Heart rate ≥80 bpm         24             6.61                              3.70--11.83                           4.61       2.47--8.61

\*Multivariable model adjusted for age, sex, smoking, drinking, systolic blood pressure, diastolic blood pressure, hyperlipidemia and HOMA-IR.
